The antihypertensive drug clonidine is a centrally acting a 2 agonist useful as a premedicant because of its sedative, anxiolytic, and analgesic properties. We examined the effect of clonidine given as an oral preanesthetic medication in producing a bloodless surgical field in patients undergoing middle ear microsurgery. We also evaluated whether the administration of clonidine would alter the reflex cardiovascular response to laryngoscopy and endotracheal intubation, anesthetic requirement, postoperative pain intensity and consumption of analgesics, and pre-and postoperative sedation and anxiety. Methods: A prospective, randomized, double-blind clinical trial was performed in 40 patients scheduled for elective middle ear surgery under general anesthesia. Twenty-one patients received clonidine (300 mg p.o.) 90 min prior to arrival at the operating theater and 19 received placebo (control group). The hemodynamic endpoint of the anesthetic management was maintenance of hypotension for producing a bloodless surgical field. The desired control of the cardiovascular system was attained with isoflurane (inspired concentration increments of 0.25 vol% up to a maximum of 1.5 vol%)∫fentanyl (bolus of 1 mg ¡ kg ª1 )∫urapidil (bolus of 0.3 mg ¡ kg ª1 ) as needed. Intraoperative bleeding was assessed on a four-point scale from 0Ωno bleeding to 3Ωabun-dant bleeding. Results: There was less bleeding in the clonidine group
D
ELIBERATE lowering of blood pressure is used as an aid to surgery (e.g., during middle ear surgery) to produce a bloodless surgical field (1, 2) . Isoflurane is a popular agent for inducing hypotension because it is simple to use and has favorable effects on the systemic and cerebral circulations. In patients relatively resistant to induced hypotension, labetalol, nitroglycerin, urapidil, and other peripherally acting vasodilators have been used to augment the hypotensive action of isoflurane (3) . However, because of their potent and rapid effect severe hypotension may occur, and direct monitoring of arterial pressure is mandatory. Therefore, the use of drugs given before operation that could enhance the hypo-
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(mean∫SEM) than in the control group (0.75∫0.3 vs 1.1∫0.4, PϽ0.05). Patients given clonidine required a mean inspired isoflurane concentration of 0.63∫0.1 vol% as compared with 1.01∫0.2 vol% in controls (PϽ0.05). Fentanyl requirements were also significantly lower (57.10 vs 79.42 mg ¡ kg ª1 , PϽ0.05). Four clonidine-treated patients required urapidil to achieve satisfactory hypotension as compared with 11 controls (PϽ0.05). Clonidine attenuated the associated cardiovascular response following laryngoscopy and intubation, and was more effective than placebo in achieving a satisfactory preoperative sedation and decreasing intensity of postoperative pain. Preoperative anxiety and incidence of adverse events was similar in both groups. Conclusion: Premedication with clonidine reduced bleeding in middle ear microsurgery, attenuated hyperdynamic response to tracheal intubation, and reduced isoflurane, fentanyl, and urapidil requirements for controlled hypotension.
c Acta Anaesthesiologica Scandinavica 45 (2001) tensive action of inhalation agents without the disadvantages of intravenous vasodilators would be desirable.
Clonidine, an imidazole compound, is an established antihypertensive agent, which appears to act mainly by central alpha 2 adrenoreceptor stimulation, resulting in diminished sympathetic outflow. It has been shown to have sedative and analgesic properties, to suppress stress-induced central noradrenergic hyperactivity, to decrease anesthetic requirements, to attenuate reflex cardiovascular response to tracheal intubation, and to improve hemodynamic stability during surgery (3) (4) (5) (6) (7) (8) (9) . These characteristics suggest that clonidine given as premedication may be useful to augment the hypotensive action of inhalation anesthetic agents and, secondarily, to reduce intraoperative bleeding.
Accordingly, we designed a randomized, doubleblind study to investigate the effects of clonidine premedication on: 1) intraoperative bleeding in patients undergoing middle ear microsurgery, 2) cardiovascular response to laryngoscopy and endotracheal intubation, 3) anesthetic drug requirements, 4) postoperative pain intensity and consumption of analgesics, and 5) pre-and postoperative sedation and anxiety.
Methods
Forty patients of both sexes classified as American Society of Anesthesiologists (ASA) physical status I, II, and III, who were scheduled for elective middle ear microsurgery under general anesthesia, gave written informed consent for the study. Approval was obtained from the Ethics Committee for Medical Research of Hospital Princesa de Españ a, Jaén (Spain).
Exclusion criteria were as follows: age Ͻ18 years; severe psychiatric disorder; ASA physical status IV; liver, renal, hematological, and left ventricular dysfunction; drug or alcohol abuse; concomitant treatment with monoamine oxidase inhibitors or nonsteroidal anti-inflammatory drugs (NSAIDs); known hypersensitivity to the study drugs; and systolic blood pressure (SBP) Ͼ160 mm Hg, diastolic blood pressure (DBP) Ͼ90 mm Hg, or pulse rate Ͻ50 beats/min at the time of the pre-anesthetic visit. Patients were assigned randomly to receive clonidine (300 mg p.o.) or identically appearing placebo tablets 90 min prior to arrival at the operating theater. This period of time ensures maximum plasma concentrations after oral ingestion of the drug. The number of patients to be enrolled in the study (nΩ51) was determined by power analysis (80%, PΩ0.05) considering a significant difference of 10% in SBP during endotracheal intubation between placebo-treated and clonidinetreated groups. However, the study was discontinued before reaching this number given that statistically significant differences between the two groups were found in a preliminary analysis with a smaller number of cases. No case of voluntary withdrawal from the study was recorded.
Systemic blood pressure and heart rate were measured by automated oscillographic method and recorded at the following times: during the pre-anesthetic assessment (WARD); upon arrival at the operating theater (OPERATING THEATER); post-induction of anesthesia (INDUCTION); during endotracheal intubation (INTUBATION); after endotracheal intu-bation (POST-INTUBATION); after surgical incision (INCISION); during the operative period (INTRA-OPERATIVE, every 10 min for six measurements); after extubation (EXTUBATION); and at 8 h and 24 h of surgery (POSTOPERATIVE). Neuromuscular block was monitored by evoked thumb adduction to trainof-four (TOF) electrical stimuli (2 Hz at 0.5-s intervals) applied to the ulnar nerve at the forearm using surface electrodes. The interval (min) between disappearance of the first twitch response in the TOF sequence (T1) to return of the fourth response (T4) (from 25% to 75% of the baseline value) (10) was recorded as the clinical recovery time, i.e., CRT1 after the administration of the first dose of atracurium (2¿median effective dose [ED 50 ]) and CRT2 after the administration of the second dose (1¿ED 50 ). During the operation, ECG was continuously monitored and oxygen saturation was measured throughout using a pulse oximeter.
Anesthesia was induced with intravenous fentanyl (1-2 mg ¡ kg ª1 ), propofol (1.5-2 mg ¡ kg ª1 ), and succinylcholine (1.5 mg ¡ kg ª1 ). Following tracheal intubation, anesthesia was maintained with isoflurane delivered in a N 2 O (65%)/O 2 (35%) gas mixture. Controlled mechanical ventilation with an initial tidal volume of 10 ml ¡ kg ª1 and respiratory frequency of 10 breaths/min was adjusted to maintain the endtidal CO 2 between 30 and 35 mm Hg. The quality of induction was assessed on a four-point scale from 1Ω smooth to 4Ωunacceptable upset (11) . Anesthesia was maintained with 0.5 vol% isoflurane (0.25 vol% increment) and bolus of fentanyl (1 mg ¡ kg ª1 ) and atracurium (0.4 mg ¡ kg ª1 first dose and subsequent doses of 0.2 mg ¡ kg ª1 ). Lactated Ringer's solution was administered at a constant rate of 2-4 ml ¡ kg ª1 ¡ h ª1 using an infusion pump throughout the study. The hemodynamic objective of the anesthetic management was maintenance of enough hypotension for producing a bloodless surgical field. The lowest MAP accepted was 60 mm Hg. The desired control of MAP was attained with inspired concentration increments of isoflurane up to a maximum of 1.5 vol% as required. When it was unsuccessful, intravenous fentanyl (bolus of 1 mg ¡ kg ª1 up to 8 mg ¡ kg ª1 ) was added. When both drugs failed to achieve hypotension a bolus of urapidil (0.3 mg ¡ kg ª1 ) was given. Bradycardia (heart rate Ͻ50 beats ¡ min ª1 ) was treated with atropine (0.01 mg ¡ kg ª1 ). When hypotension occurred (MAP Ͻ60 mm Hg), intravenous ephedrine (10-mg increments) and a fluid challenge (Ringer's solution 3-4 ml ¡ kg ª1 ) were administered. In patients undergoing radical surgery (total excision of the middle ear and the mastoid process), delivery of isoflurane was stopped at initiating the re- troauricular suture and the administration of N 2 O was stopped at the end of skin closure. In patients undergoing reconstructive operations, isoflurane was discontinued at the time of reposition of the tympanic membrane (stapedectomy) or insertion of gelatin sponge to support the graft (myringoplasty) and concentration of N 2 O was reduced to 50 vol% when the tympanic membrane was sutured and completely stopped after placement of the dressing in the ear canal. At the end of surgery, the residual neuromuscular blockade was antagonized with intravenous neostigmine 25 mg ¡ kg ª1 and atropine 0.01 mg ¡ kg ª1 and the residual effect of fentanyl with intravenous naloxone 0.5-1 mg ¡ kg ª1 at the discretion of the anesthesiologist in charge.
Intraoperative bleeding was assessed on a four-point scale from 0Ωno bleeding (excellent surgical conditions), 1Ωminimum bleeding (sporadic suction), 2Ω diffuse bleeding (repeated suction), and 3Ωabundant (troublesome) bleeding (continuous suction) (12) , by the surgeon (always the same) who performed all surgeries. This scale was selected because it is practical: bleeding scores of 0 and 1 are considered a good surgical field, while scores of 2 and 3 are considered a difficult field for surgery. The mean value of intraoperative bleeding for each group of patients was obtained. It was calculated as the mean of all values of bleeding for every patient measured every 10 min. During recovery from anesthesia, the time elapsed (min) from withdrawal of N 2 O to understanding of a simple verbal order (open the eyes), to extubation, to complete memory of name, to complete memory of age, and to complete memory of date of birth was recorded.
Pain intensity was evaluated by the patient according to a 10-mm visual analog scale (VAS) (from point 0 ''no pain'' to point 10 ''unbearable pain'') preoperatively and at 1, 2, 8, and 24 h after surgery. Immedi-ately after operation, patients were given a single intravenous dose of metamizole (dipyrone) (15 mg ¡ kg ª1 ) followed by bolus injections of 333 mg of metamizole at the patient's request by means of the patient-controlled analgesia (PCA) system up to maximum of two boluses per hour. The number of bolus injections required by the patient was also recorded. Anxiety was assessed during the pre-anesthetic visit and on arrival in the anesthetic room using the StateTrait Anxiety Inventory (STAI/AE) (13) 
Results
As shown in Table 1 , statistically significant differences between clonidine-treated patients and controls
Fig. 1. Effect of premedication with clonidine on bleeding during middle ear microsurgery (data as mean∫SEM, Mann-Whitney U-test, * PϽ0.05).

Fig. 2. Time-course of media blood pressure (MAP) in clonidinetreated patients and controls at the following times: pre-anesthetic assessment (WARD); upon arrival in the operating theater (OPERAT-ING THEATER); post-induction of anesthesia (INDUCTION); during endotracheal intubation (INTUBATION); after endotracheal intubation (POST-INTUBATION); after surgical incision (INCISION); at 10, 20, 30, 40, 50, and 60 min during the operative period; after extubation (EXTUBATION); and at 8 and 24 h after surgery (POST-OPERATIVE). Data as mean∫SEM, Student's t test, * PϽ0.05.
Fig. 3. Time-course of heart rate (HR) in clonidine-treated patients and controls at the following times: pre-anesthetic assessment (WARD); upon arrival in the operating theater (OPERATING THEATER); post-induction of anesthesia (INDUCTION); during endotracheal intubation (INTUBATION); after endotracheal intubation (POST-INTUBATION); after surgical incision (INCISION); at 10, 20, 30, 40, 50, and 60 min during the operative period; after extubation (EXTUBATION); and at 8 and 24 h after surgery (POST-OPERATIVE). Data as mean∫SEM, Student's t test, * PϽ0.05.
in respect to age, sex, weight, ASA physical status, and duration of surgery were not found. Patients in the clonidine group scored significantly lower in the intraoperative bleeding assessment than patients given placebo (Fig. 1) . A total of 13 patients belonging to the placebo group had scores higher than 2 points. In the clonidine group, only 2 patients had scores higher than 2 (PϽ0.01). Most bleeding occurred during the first 10 min of surgery. This effect of clonidine was accompanied by a more favorable hemodynamic stability with significant decreases in MAP and heart rate at most of the time points recorded, particularly at INDUCTION, INTUBATION, POST-INTUBATION,  and INCISION (Figs. 2 and 3) .
Intraoperative consumption of isoflurane and fentanyl was significantly lower in patients premedicated with clonidine than in controls ( Table 2 ). In contrast, most patients in the placebo group received supplementary urapidil to achieve a target decrease in blood pressure as compared with those given clonidine. However, clonidine had no effect in reducing duration of neuromuscular block or in decreasing the requirements of propofol, atracurium, and lactated Ringer's solution. The number of patients given naloxone, neostigmine, ephedrine, or atropine was similar in both study groups (Table 2) .
Anxiety assessed on arrival at the anesthetic room was similar in both groups (Table 3) , although clonidine-treated patients scored significantly higher on the Ramsay sedation scale than controls. This finding, however, had no effect on the quality either of anesthetic induction or in the recovery from anesthesia. Time elapsed from withdrawal of N 2 O to understanding a simple verbal order, extubation and complete memory was significantly shorter in patients premedicated with clonidine (Table 3) . Faster recovery occurred in the clonidine group because of less consumption of anesthetic drugs. Postoperative consumption of metamizole was significantly lower in patients given clonidine than in controls. Clonidinetreated patients showed lower VAS scores for the evaluation of postoperative pain intensity, which were statistically significant at 2 h after surgery, than controls (Fig. 4) . Adverse events registered intraoperatively and postoperatively were similar in both groups (Table 4) .
Discussion
Controlled hypotension is used for reducing bleeding as an aid to surgery in patients undergoing middle ear or nasal surgery, neurosurgical operations, major orthopedic procedures, head and neck surgery, and different procedures in plastic surgery (1-3). Although the approach is multifactorial, the principal mechanism employed is reduction of the vascular tone. Sodium nitroprusside, nitroglycerin, hydralazine, trimethaphan, phentolamine, urapidil, esmolol, and labetalol are common drugs used in combination with volatile anesthetic agents (14) . However, impaired coronary or cerebral perfusion is an important drawback of hypotensive anesthesia. Clonidine, a potent suppressor of sympathoadrenal activity, has been given orally before operation to augment the hypotensive action of isoflurane (2) . In the open, controlled, randomized study of Woodcock et al. (3) , single dose oral premedication with clonidine 0.6 mg in patients undergoing middle ear or nasal surgery significantly reduced the vapor requirement for isoflurane-induced hypotension, although it did not entirely obviate the need for further supplementary agents to facilitate induced hypotension. In the prospective study of Welfringer et al. (12) , patients scheduled for ear surgery were randomly assigned to premedication with hydroxyzine alone or combined with clonidine. Anesthesia was maintained with isoflurane and surgical bleeding was assessed on a numerical scale with four values. The comparative assessment of surgical field quality was in favor of the clonidine group. In the present study, we also found that patients in the clonidine group scored significantly lower in the intraoperative bleeding assessment than patients given placebo. For surgeons, what is really disturbing is to have bleeding scores of 2 or higher, at any time. In our study, the number of patients with high scores was clearly greater in the placebo group. This is clinically relevant.
Clonidine has been shown to suppress central noradrenergic hyperactivity with secondary attenuation of perioperative hemodynamic lability (15) . In our study, a more favorable hemodynamic stability in patients treated with clonidine than in controls was also observed. Clonidine premedication has been found to effectively prevent a hyperdynamic response to laryngoscopy and intubation (9) with the additional advantage of a minimum impairment of coronary blood flow and systolic myocardial function (16, 17) . In our study, endotracheal intubation was associated with significant increases in SBP (14%), DBP (16.5%), and heart rate (16.4%) as compared with baseline values in the control group, whereas changes in the clonidine group were not observed. On the other hand, an increase in the risk for postoperative hypotension and bradycardia reported with the use of clonidine (2, 4, 5, 17) was not found in our series. Side effects were similar in both study groups, including dryness of mouth. In the study of Ghignone et al. (9) , the addition of clonidine to the premedication regimen consistently caused marked sedation and dryness of mouth.
Clonidine has a recognized anesthetic-sparing action achieved by marked attenuation of undesirable adrenergic events intraoperatively and increased depth of anesthesia, which result in more favorable hemodynamics and lower plasma catecholamines (4, 15, 18) . In our study, there was a statistically significant reduction of isoflurane and fentanyl requirements in patients premedicated with clonidine as compared with controls. The significantly shorter postanesthetic recovery time among patients in the clonidine group is likely a reflection of the reduced anesthetic drug requirements (19) . These effects may be of particular interest in the management of patients undergoing outpatient surgical treatments. Oral clonidine premedication does not alter the onset, duration or recovery of neuromuscular blockade induced with atracurium. The same findings have been reported for 632 neuromuscular blockade induced with vecuronium (20) .
Clonidine has been shown to have potential as an analgesic when administered by the extradural or the intrathecal route (21) . Clonidine produces effective dose-dependent analgesia for treating postoperative acute pain of moderate intensity. Intravenous and epidural administration of clonidine has shown a marked analgesic effect through a mechanism not related to the opioid system (22, 23) . In our study, postoperative pain intensity was low, although it was slightly more severe in the control group in which, in addition, there was an increase in the consumption of the analgesic metamizole.
Sedation in association with the hypnotic response in the nucleus locus coeruleus to clonidine and other a 2 -adrenergic agonists (24), does not seem to be related with the level of anxiety detected. These results agree with our own. Nevertheless, some authors have shown that anxiolytic properties of clonidine are similar to those of benzodiazepines (25) .
In summary, the present prospective, randomized, double-blind, placebo-controlled study shows that premedication with clonidine reduces bleeding during middle ear surgery, probably in relation to hemodynamic stability. Clonidine also reduced isoflurane, fentanyl, and urapidil requirements for controlled hypotension and attenuated hyperdynamic cardiovascular response during laryngoscopy and endotracheal intubation. This fact induced a faster recovery. This study therefore demonstrates that clonidine before anesthesia with isoflurane is effective in producing a bloodless surgical field in middle ear microsurgery, so avoiding the use of added hypotensive agents.
